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ABSTRACT OF THESIS
Nonlinear optis and ferroeletris have been reognized for several deades
as promising elds with important appliations in the area of opto-eletronis,
memory devies, ampliers, frequeny onverters et. High performane eletro-
optial swithing elements for teleommuniations and optial information pro-
essing are based on the material properties. Hene, there is always a ontinuous
searh for better materials. The development of materials exhibiting large opti-
al nonlinearities and satisfying tehnologial requirements suh as wide trans-
pareny range, fast response, proessibility, adaptability and interfaing with
other materials et. is ever-growing. Present thesis reports the growth and har-
ateristis of the properties of doped and undoped LiNbO
3
rystals. LiNbO
3
, has
several interesting aousto and eletro-optial properties and is used for making
various nonlinear and linear devies. LiNbO
3
rystal, doped with MgO, Cr, Nd
and other dopants are regularly being used for various high tehnology applia-
tions in nonlinear optis.
The thesis onsists of seven Chapters. The rst Chapter gives an overview of
historial perspetives of nonlinear optial materials, origin of nonlinear optis,
seond harmoni generation, nonlinear refrative index and nonlinear absorption
oeÆient. A brief review of the work done so far in this area has been presented
in this Chapter. The seond Chapter desribes the experimental tehniques of
rystal growth, utting, polishing and lapping of the rystals. Preliminary hara-
terization tehniques like powder X-ray diration, High-resolution X-ray dira-
tion, optial transmission et. are desribed briey. Maker fringe and Z-san
tehniques for haraterizing nonlinear optial properties of the rystals are also
disussed in the same Chapter.
Chapter 3 deals with the study of X-ray powder diration, High resolution X-
1
ray diration (HRXRD), Optial transmission in transparent and rak free Mg
doped, Cr doped, Mg-Nd odoped and Mg-Cr odoped LiNbO
3
single rystals.
X-ray powder diration analysis onrmed the desired phase and found that the
rystal struture of LiNbO
3
remains same after doping. The rystalline perfe-
tion of as-grown rystals was monitored using HRXRD tehnique. The roking
urve for undoped LiNbO
3
suggests the presene of low angle grain boundary in
the rystal. However, in ase of doped LiNbO
3
rystals the rystalline perfe-
tion is better due to the overall redution in Li vaanies. Optial transmission
study shows the red shift in absorption edge in Cr doped rystals. The divalent
magnesium ions aet the
4
T
2
and
4
T
1
exited state levels of Cr
+3
ions, pro-
duing a red shift in the
4
A
2
!
4
T
1
and
4
A
2
!
4
T
2
absorption bands. The red
shift explains the hange observed in the olor of Mg doped rystals. The blue
shift in absorption edge is observed in Mg doped and Mg-Nd odoped LiNbO
3
rystals as ompared to undoped LiNbO
3
rystal. The optial absorption spetra
of Mg:Nd:LiNbO
3
onsist of ve absorption peaks orresponding to transitions
from the
4
I
9=2
ground state of Nd
3+
ions to the dierent exited states.
These results have been published in Solid State Communiations, 140, 120
(2006) and Physia B: Condensed Matter Physis, 393, 37 (2007).
Chapter 4 reports the infrared transmittane and UV-VIS absorption study
in Mg doped, Cr doped and Mg-Cr odoped LiNbO
3
single rystals. Infrared
optial absorption for OH
 
ion has been used to study the eet of impurities
on the rystals. The peak position of OH
 
ions shift to 3535 m
 1
for Mg-Cr
odoped rystals ompared to 3484 m
 1
for undoped and Cr doped rystals.
Red shift in absorption edge is observed in Cr doped LiNbO
3
rystals. Optial
absorption studies show prominent absorption bands in the visible region of the
spetrum entered at 480 nm and 653 nm in Cr doped rystals while Mg-Cr
odoped LiNbO
3
rystals these bands red shifted to 517 nm and 678 nm.
These results have been published in Crystal Researh Tehnology, 42, 718,
(2007).
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In Chapter 5, omparative study of the optial properties of undoped and 3,
5, 7 mol% MgO doped LiNbO
3
rystals was undertaken. The eet of doping
on refrative indies as well as seond-order suseptibility has been experimen-
tally analyzed. The omparison of 3, 5, 7 mol% MgO doped LiNbO
3
rystals
show that the seond-order suseptibility has minimum at 5 mol% MgO doping.
The refrative indies of ongruent as well as doped samples were measured by
Brewster's angles at 532 nm and 1064 nm wavelength. We also found that both
the refrative indies (n
o
and n
e
) derease due to MgO doping. It is observed
that the blue shift in the ut o frequeny ourred with inreasing MgO doping
onentration.
The details of this work is reported in Optial Materials, 28, 467, (2006).
Chapter 6 deals with the study of nonlinear refrative index and nonlinear
absorption oeÆient using Z-san tehnique in undoped, 5 and 7 mol% MgO
doped LiNbO
3
rystals. We have also alulated real and imaginary parts of
the third-order nonlinear suseptibility using experimentally obtained values of
nonlinear refrative index and nonlinear absorption oeÆient. We found the
hange in sign of the real part of the suseptibility by doping the LiNbO
3
rystal
while the imaginary part of suseptibility is found to minimize at 5 mol% doping
onentration. The absolute values of third-order suseptibility dereases with
inreasing doping onentration.
This part of the thesis is reported in DAE-BRNS National Laser Symposium,
M.S. University of Baroda, Vadodara, 305 (De. 17-20, 2007).
The general onlusions are given in Chapter 7 along with possible future
sope of work that ould be performed on these rystals.
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